Regulation of cardiac energy turnover by coronary flow: a 31P-NMR study.
The response of cytosolic phosphates ([ATP], [PCr], [Pi] and [ADP]) in rat hearts retrogradely perfused with different oxidizable substrates to increased workload induced by elevated coronary flow (CF) or by addition of inotropic agents has been investigated. Hearts were perfused with glucose (11 mM), pyruvate (5 mM), lactate (3 mM) or a combination of glucose (5.5 mM) and acetate (5 mM), octanoate (0.1 mM) or beta-hydroxybutyrate (5 mM). The initial [ATP]/[ADP] ratio was highest in pyruvate and lactate perfused hearts. Increasing the coronary flow 1.7-fold (from c. 56 to 96 ml/min x g dry wt) resulted in an increase in pressure-rate product (PRP) by 36-52% without significant changes in cytosolic phosphates. Dichloroacetate (1 mM), ruthenium red (2.5 micrograms/ml), or pre-treatment with theophylline (1 mM, 30 min) had no effect either functional or metabolic response to elevated CF in glucose-perfused hearts. Isoproterenol (Iso, 0.1 microM) infusion at maximal coronary flows lead to further elevation of PRP value by 36-88% and the ratio of the maximal rate of relaxation to LV developed pressure ((-dP/dt)m/LVDP) increased two-fold. Simultaneously, [PCr] decreased by 18-30%, [Pi] increased two-fold and ADP increased by 20-90% resulting in reduction of [ATP]/[ADP] by half and ATP affinity (A(ATP) = -delta G(ATP)) by 2.4-3.8 kJ/mol. In hearts perfused with acetate, octanoate and hydroxybutyrate in the presence of glucose, Iso addition resulted in intracellular pH decrease by 0.03-0.07 U and increase in lactate extrusion 1.5-2 times. In hearts perfused with glucose alone, decrease in PRP induced by perfusate Ca2+ reduction was associated with increase in PCr and decrease in Pi levels. These data show that coordinated regulation of energy supply and demand exerted by coronary flow/perfusion pressure does not depend on the availability of reducing equivalents but is rather controlled by oxygen supply and stretch-activated factors.